According to the 2014 US Surgeon General's Report, cigarette smoking increases the risk of early mortality for both men and women, and the risk of dying from smoking has increased over the last 50 years. 1 Seventy percent of smokers attempt to quit smoking every year. While pharmacological and/or behavioral interventions increase cessation rates, over 60% of smokers attempt to quit without assistance.
Introduction
According to the 2014 US Surgeon General's Report, cigarette smoking increases the risk of early mortality for both men and women, and the risk of dying from smoking has increased over the last 50 years. 1 Seventy percent of smokers attempt to quit smoking every year. While pharmacological and/or behavioral interventions increase cessation rates, over 60% of smokers attempt to quit without assistance. 2 Only 3%-5% of unassisted quit attempts are successful after 6-12 months. 3 benefits to conventional treatments. [4] [5] [6] [7] [8] [9] [10] Brown and Ryan defined mindfulness as "a receptive attention to and awareness of present events and experiences." 11, 12 Mindfulness may change cognitive and affective processes underlying addictions 10 and mindfulness-based treatments have, thus far, yielded promising results in reducing use of addictive substances. 13, 14 Studies of multi-week mindfulness-based interventions have shown that these interventions may improve abstinence rates. 6, 7, 15, 16 Two randomized controlled trials provide evidence that multi-week mindfulness-or acceptance-based treatments result in higher abstinence rates when compared with pharmacological or behavioral interventions alone. 7, 16 Acceptance-based treatments, such as Acceptance and Commitment Therapy, increase mindfulness through metaphors and brief exercises, rather than formal meditation practice. Bricker and colleagues demonstrated improved quit rates and adherence for an 8-week Acceptance and Commitment Therapy intervention (vs. control) administered via smartphone application. 17 Affect and craving are widely studied processes in smoking and relapse. [18] [19] [20] [21] [22] [23] [24] [25] Mindfulness interventions have been shown to decrease negative affect and craving in smokers 5, [26] [27] [28] and to reduce the association between affect and craving and smoking behavior. 4, 29, 30 However, mindfulness-based interventions for smoking have been based on the Mindfulness Based Stress Reduction training model, requiring 6-8 weekly 1.5-2.5 hour group sessions and up to 45 minutes of practice each day. 31, 32 Intensive interventions for smoking cessation are currently underutilized, especially for minority, younger, lower socio-economic status (SES), and rural populations. 2, 33 Most patients attempt to quit unaided. 2 For the purpose of the present study, a brief mindfulness intervention is defined as any mindfulness-based intervention lasting less than 3 weeks and requiring fewer than 30 minutes of practice per day. Many studies of brief mindfulness interventions have resulted in reductions in smoking. Bowen and Marlatt 4 reported fewer cigarettes smoked per day following a single 20-minute urge-surfing intervention (vs. control) at a 7-day follow-up. Urge-surfing involves attending to one's cravings for cigarettes and observing changes over time rather than immediately smoking to alleviate the craving. Similarly, Tang, Tang and Posner 34 found reductions in smoking following Integrative Body-Mind Training compared to a relaxation training control. Integrative Body-Mind Training consisted of ten 30-minute trainings completed over 2 weeks, including body relaxation, mindfulness, and imagery training. Conversely, Rogojanski and colleagues 26 reported no significant differences in smoking between an urge-surfing intervention and control condition.
Studies have also examined the effect of brief mindfulness interventions on affect and craving. Brief mindfulness interventions reduced irritability 5, 27 and negative affect 26 in smokers. Integrative Body-Mind Training 34 and body scan interventions 5,27 reduced craving relative to control conditions. A body scan involves systematically shifting focused attention throughout one's body while attending to physical sensations. Westbrook and colleagues reported reductions in self-reported cue-induced craving, as well as decreased neural activity and functional connectivity in craving-related brain regions. 28 While urge-surfing interventions do not directly reduce craving, 4, 26 in one study, participants who received an urge-surfing intervention demonstrated a weaker relationship between craving and negative affect. 4 Studies of brief mindfulness interventions with smokers and nonsmokers have used a variety of control conditions (eg, relaxation, 35 learning, 36 isometric exercise, 27 listening to fiction, 37 listening to nonfiction, 27 and rest 36 ). The control condition used in this study was a sham-meditation control condition based on a condition used in a prior study that instructed participants to think about whatever comes to mind without trying to focus on anything in particular. 38 The sham-meditation was chosen to maintain participant blinding and to examine cognitive mechanisms of mindfulness (the cognitive data will be reported elsewhere).
The effect of mindfulness interventions has typically been assessed in a laboratory setting. We used Ecological Momentary Assessment (EMA), a methodology that allows for the assessment of phenomena at the moment they occur in a person's natural environment, to evaluate the effect of the intervention. EMA permits repeated assessments of negative affect and craving, which may vary considerably over the course of a day or across environments 39, 40 and can predict lapses to smoking. [41] [42] [43] [44] As well as assessing the dependent variables in the field using Personal Digital Assistants (PDAs), we also administered the intervention on the PDA. Participants were instructed to listen to at least one auditory script per day using the PDA. To our knowledge, this is the first study to administer daily mindfulness practice on a mobile device, and to examine the day-to-day effects of the intervention on smoking and affective variables in the field. Designed primarily as a feasibility study, the study examined the effect of brief mindfulness practice (Brief-MP) on self-reported negative affect, craving, and smoking behavior, when administered daily on a PDA over 2 weeks. It was hypothesized that Brief-MP would reduce self-reported negative affect, craving, and smoking.
Methods

Participants
A community-based sample of smokers (N = 44) from the Washington, DC metropolitan area was recruited via advertisements in English on local mass transportation, newspapers, the Internet, and flyers. Advertisements briefly described the study's focus on meditation and smoking. Smokers were accepted regardless of their intentions to quit or cut down on smoking. Participants were included if they were 18-65 years of age and had a history of smoking 10 or more cigarettes per day for at least 2 years. Exclusion criteria included impaired hearing, expired breath carbon monoxide (CO) levels lower than 10 parts per million, tobacco use other than cigarettes, and current smoking cessation treatment (counseling and/or medication). Participants received compensation for each laboratory visit (orientation session: $50, follow-up sessions: $15 each), each completed meditation ($5), and each PDA assessment ($1); maximum compensation = $215. In accordance with current laws, federal civilian employees and military members were not compensated.
Procedures
Volunteers completed a telephone screening and, if eligible, they were scheduled for an orientation session (baseline visit). The first session began with informed consent procedures (approved by the Uniformed Services University Institutional Review Board), followed by measurement of expired CO in breath. Participants with levels of 10 parts per million or greater were enrolled and randomly assigned to the Brief-MP condition (12 male, 12 female) or control condition (10 male, 10 female). Randomization involved a blocked procedure stratified by gender. An exit questionnaire confirmed successful participant blinding, with 11 of 18 Brief-MP participants and 8 of 13
Control participants reporting that they believed themselves to be in the meditation group. Saliva samples were collected for cotinine analysis at baseline and at each follow-up. Participants completed questionnaires assessing their demographics, smoking history, and baseline affect. Participants were trained on how to use a PDA programmed to prompt four random assessments (RAs) throughout the waking day. Additionally, participants were instructed to initiate a meditation assessment (MA) immediately after completing the Brief-MP or control training. All PDA assessments (RAs and MAs) were identical and included measures of craving, state mindfulness, and positive/negative affect.
Participants were given two handouts. The first described how meditation could be useful to smokers, and the second provided guidance for starting a daily meditation practice, including fostering a friendly attitude and setting a regular time and place for practice. Participants completed their first meditation practice and PDA assessment in the laboratory. Finally, participants were provided with a smoking diary. They were instructed to record the number of cigarettes smoked each day. Participants were told "you can smoke as much or as little as you like during the study."
Participants returned to the laboratory for follow-up appointments 1 week and 2 weeks after baseline. During the second session, they completed measures of affect, smoking, and breath CO and provided a saliva sample. Participants listened to a 20-minute meditation or control recording, followed by an assessment on the PDA. The third session was the same as the second session with the addition of an acceptability questionnaire. Finally, participants were informed of the purpose of the study and the difference between the conditions. They were provided with smoking cessation resources and a copy of the experimental condition recordings. Compensation was mailed to participants 2-4 weeks after completion of the study.
Intervention
Experimental Condition
Brief-MP consisted of five guided meditations pre-loaded on the PDA. Participants were instructed to meditate once per day at the time of their choosing, by listening to a guided meditation. The first guided meditation consisted of an "urge-surfing" technique developed to teach smokers mindfulness of urges and cravings during a progressive cue-exposure exercise (original script obtained through personal communication). 4 The other four meditations (mindfulness of the breath, mindfulness of the body, mindfulness of thoughts, and mindfulness of emotions) were largely adapted from meditations previously used in a study of mindfulness-based intervention for smoking, among other sources. 16, [45] [46] [47] Dr Judson Brewer, principal investigator for an randomized-controlled trial (RCT) of Mindfulness Training for smoking cessation, 16 reviewed scripts for both the Brief-MP condition and the Control condition. His recommendations were incorporated in the final recordings.
Control Condition
Participants in the control condition were also instructed to meditate once per day, while listening to a pre-recorded sham-meditation track on their PDA at the time of their choice. The five control recordings matched the Brief-MP scripts on duration and general structure, but with the following differences: Instructions to manage cravings using their normal techniques (vs. urge-surfing); instructions to allow their minds to wander freely (vs. focusing attention); and instructions to judge their experiences (vs. fostering a nonjudgmental stance). 4, 16, 38, [45] [46] [47] For example, Brief-MP instructions included "If you find that it is difficult to keep the attention on the breath, just pay attention to one breath at a time. Just this one breath. When the mind wanders, note where it's gone off to and simply begin again. Now let the breath fade into the background, and bring awareness and curiosity to noticing your emotions as they arise. Just like the breath, just notice them. With a natural curiosity, allow your attention to rest on whatever is happening inside you right now. Try to let go of any thinking or judging about what is occurring and encounter your emotions as if you were feeling them for the first time. Asking yourself 'What is the mind aware of right now?'" The control instructions were: "If you are having a difficult time today, consider why that might be and go back to letting your mind wander freely. Now let the breath fade into the background, and think about your emotions as they arise. Just like the breath, just try to figure out if they are good or bad, pleasant or unpleasant. Evaluate whatever is happening inside you right now. Carefully examine what is occurring, bringing a sharp, discerning presence to the emotions you are feeling."
All guided meditation and control recordings lasted approximately 20 minutes. The PDA recorded a date/time stamp when a participant started a recording, completed a recording, and proceeded to the MA. Participants were instructed to practice meditating once a day at a time of their choosing. In both groups, one recording was available each day. Participants could listen to the recording multiple times a day if they chose; however, they were only compensated for one meditation per day. If a participant did not complete a meditation recording, they would repeat that recording on the following day rather than progressing to a new recording. Participants progressed through the five recordings in order two times. After 10 days, meditation tracks were counter-balanced using Latin rectangles (matched between groups).
Apparatus and Materials
Laboratory sessions took place in two rooms that were equipped with a desk, a PC computer, and two chairs. Questionnaires were presented on a desktop computer using QDS questionnaire administration software. 48 EMA procedures were implemented on a HP iPAQ Pocket PC running the Microsoft Windows Mobile 6.5 operating system.
Laboratory Measures
Breath CO CO levels (parts per million) were assessed with the Bedfont Micro III Smokerlyzer at the beginning of each laboratory session.
Demographics/Smoking History Questionnaire
This questionnaire assessed demographic information and information on participants' smoking history including quit attempts, smoking duration, and smoking preferences.
Self-Reported Dependence
The Wisconsin Inventory of Smoking Dependence Motives (WISDM-68) is a 68-item multidimensional questionnaire measure of tobacco dependence. 49 The total WISDM score ranges from 13 to 91 with higher scores indicating greater levels of dependence. Internal consistency for the total scale is excellent (Cronbach's α = .97-.99).
Self-reported Positive and Negative Affect
The Positive and Negative Affect Schedule (PANAS) was used to measure both positive (10-items) and negative affect (10-items). 50 The items use a six-point Likert scale ranging from 1 = "very slightly or not at all" to 6 = "extremely." The scales demonstrated adequate internal reliability, with Cronbach's α ranging from .86-.90 for positive affect and .84-.87 for negative affect.
50
Salivary Cotinine A saliva sample was taken at each laboratory visit for the assessment of salivary cotinine, a biological measure of exposure to nicotine, used as a continuous variable in this study. [51] [52] [53] [54] Saliva samples were analyzed by Salimetrics, Inc (State College, PA).
Daily/Ecological Momentary Assessment Measures
Self-Reported Craving A single item ("I have strong urges to smoke") assessed craving for cigarettes on a seven-point Likert-type scale (1 = Strongly Disagree, 7 = Strongly Agree).
Self-Reported Positive and Negative Affect
A 10-item version of the PANAS (negative affect: distressed, nervous, afraid, upset, and scared; positive affect: enthusiastic, inspired, alert, excited, and determined) was administered; Cronbach's alphas were .92 (PANAS-PA) and .90 (PANAS-NA). 55 State mindfulness was also assessed on the PDA; these data will be reported elsewhere.
Self-Reported Smoking
Participants were provided with a pencil-and-paper smoking diary to take home. They were instructed to record how many cigarettes they smoked each day.
Analytic Plan
We used linear mixed models (LMM; PROC MIXED in SAS) which allow for different numbers of observations between subjects and account for clustering of data within subjects. All tests were twotailed (α = .05). All analyses included baseline measures of the dependent variable as a covariate in the model.
To analyze EMA data, Day in study (within-subject) was entered as a continuous variable, along with Group (between-subject; two levels: Brief-MP vs. Control) and Assessment Type (within-subject; three levels: RA vs. "valid" MA vs. "invalid" MA). Valid MAs were participant-initiated assessments that were completed within 60 seconds after the Brief-MP (or control) training (see Supplementary Analyses for results for alternative cut-offs). Invalid MAs were all other participant-initiated assessments. The main effect of Group, Group × Day interaction, and Group × Assessment Type interaction were tested for all dependent variables. Each dependent variable was analyzed in a separate model. For all models we used a random (subject-specific) intercept and an autoregressive model of order 1 for the residuals within subjects. Day was treated as a random effect in the model (slopes were allowed to vary) if the P value for the covariance parameter estimate (for Day) was less than .1. 56 LMMs used data from all participants who completed at least one EMA assessment (n = 37).
To analyze cigarettes smoked per day (smoking diary), Day was entered as a continuous variable, and we tested the main effect of Group, and the Group × Day interaction. Slopes for Day were allowed to vary.
To analyze laboratory data, Visit was entered as a categorical variable (two levels: Visit 2 vs. Visit 3), and we tested the main effect of Group and the Group × Visit interaction term. As with EMA data, each dependent variable was analyzed in a separate model. The LMMs used data from all participants who completed at least one laboratory visit post-intervention (n = 34).
Sensitivity analyses (Supplementary Analyses) revealed that key findings did not change when including baseline smoking rate, number of completed trainings, or time or day, as covariates.
Results
Forty-four participants were randomized, 37 provided data from at least one EMA assessment, and 34 provided laboratory data from at least one of Visits 2 and 3 ( Figure 1 ). Brief-MP (n = 24) and Control (n = 20) participants did not differ in age, gender, race, cigarettes smoked per day, scores on the WISDM, age when starting daily smoking, number of lifetime quit attempts, or intention to quit (Supplementary Table 1 ). "Completers" (n = 32) and "non-completers" (n = 12) did not differ on any of the aforementioned variables (Ps > .05). A completer was defined as a participant who attended Laboratory Session 1 and 3 and provided at least one EMA assessment. 
Descriptive Statistics
Effect of Brief-MP on Positive and Negative Affect
Summary statistics are presented in Table 1 . LMM analyses on laboratory and EMA PANAS-PA scores yielded no significant effects involving Group (Table 2) . LMM analyses on laboratory and EMA PANAS-NA scores yielded one significant effect involving Group, a main effect of Group on EMA PANAS-NA scores (Table 2) . PANAS-NA was 2.43 units lower in the Brief-MP group (vs. Control).
Effect of Brief-MP on Craving
LMM analyses yielded a nonsignificant effect of Group and a nonsignificant Group × Visit interaction (Table 2) . LMM analyses on EMA craving revealed a significant Group × Assessment Type interaction (Table 2, Figure 2 ). The effect of Group on craving was significant at valid MAs, F(1, 232) = 11.9, parameter estimate (PE) = −1. 
Effect of Brief-MP on Self-Reported Cigarettes Smoked Per Day
LMM analyses revealed a significant Group × Day interaction (Table 2 ). There was a significant effect of Day for the Brief-MP group, F(1, 19) = 18.0, PE = −0.37, SE = 0.09, P = .0004, indicating that smoking declined over time in this group. There was no effect of Day for the Control group, F(1, 15) = 1.15, PE = −0.09, SE = 0.08, P = .30. Baseline smoking rate was marginally higher in Brief-MP participants which may have made it easier for Brief-MP participants to reduce their smoking rate. However, there was no correlation between baseline smoking rate and slopes of cigarettes smoked per day over time, r(35) = .07, P = .70 (see Supplementary Analyses for associations between PANAS-NA/craving and cigarettes smoked per day). LMM analyses on salivary cotinine levels and breath CO data yielded no significant effects involving Group (Table 2) .
Discussion
The study examined the effect of a 2-week mindfulness intervention, self-administered on a PDA, on negative affect, craving, and smoking behavior. Three notable findings emerged. First, as predicted, Brief-MP reduced negative affect. Second, and perhaps most important, Brief-MP reduced craving immediately following mindfulness trainings. Third, Brief-MP reduced reported smoking. These findings will be discussed in turn.
The Brief-MP group experienced significantly lower levels of negative affect aggregated over the course of the study. However, Brief-MP did not result in greater reductions in negative affect over time (no Group × Day interaction) or following trainings (no Group × Assessment Type interaction). Similar inconsistencies have been previously reported in the literature on urge-surfing. Rogojanski and colleagues 26 reported significant acute reductions in negative affect following an urge-surfing intervention (vs. suppression). On the other hand, Bowen and Marlatt 4 reported a nonsignificant Group × Time interaction using a seven day follow-up after 20 minutes of urge-surfing training (vs. Control), but this may not be surprising given the lag between the intervention and assessment. In the current study, a floor effect may be complicating interpretation, with the mean negative affect scores in the Brief-MP group close to the scale minimum (Table 1) . Negative affect is related to smoking behavior and relapse. 57 Further research could examine the effect of Brief-MP when negative affect is high.
The effect of Brief-MP on craving following training emerged as the most interesting finding (Figure 2) . The literature supports mindfulness meditation as an effective intervention for reducing craving or attenuating the impact of craving in substance use, with only one study reporting a nonsignificant finding. 26 Our findings are similar to two studies that also identified acute reductions in craving immediately following 10-minute body-scan exercises. 5, 27 Additionally, three studies provided evidence that mindfulness practice moderated associations between craving and symptoms of depression, negative affect, or cigarette use. 4, 29, 30 The current data extend this literature by showing that Brief-MP can reduce craving in the natural environment in participants who receive relatively little meditation instruction.
Smoking rate decreased over time in the Brief-MP group but not in the control group. This is consistent with the findings of Bowen and Marlatt 4 who reported that, in a college sample, a brief urge-surfing intervention resulted in significantly fewer cigarettes smoked per day over a seven-day follow-up compared to the control group. A potential interpretative complication is that the Brief-MP group smoked marginally more cigarettes per day at baseline than the Control group. However, there was little evidence that the between-group imbalance in baseline smoking contributed to the observed results. It might be argued that because there was no effect of Brief-MP on cotinine and CO levels, the effect of Brief-MP on smoking behavior may not be robust. However, there may be greater power to detect a difference in daily smoking than in cotinine levels, because the latter were only assessed at two occasions post-randomization (in the laboratory) whereas smoking was assessed daily. In sum, the effect n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a CO (ppm) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a EMA data PA .01
n/a n/a n/a n/a n/a of Brief-MP on smoking rate is potentially important but should be treated with caution pending replication.
The current study has several limitations. The study advertisements mentioned meditation, which could have appealed to individuals who were more educated, more interested in meditation, or more motivated to quit smoking, and reduce the generalizability of the findings. Additionally, the intervention may be less accessible to people with limited exposure to new technologies, difficulty hearing, or problems with fine motor skills needed to manipulate the PDAs. Currently, the effect of the intervention on abstinence rates during quit attempts, the variable of most interest in smoking cessation, is unknown. Replication and extension of the current study to include abstinence is a priority for future research. Given the small sample size, there was low power to detect small and medium effect sizes, particularly for the laboratory data. Twelve of 44 participants (27%) did not complete the study. Subject attrition may lead to subtle differences in the characteristics of the individuals in the two groups, and these between-group differences may have contributed to the observed findings. Subject attrition may also reduce the generalizability of study findings.
The study also had several strengths. The current study provided the first longitudinal study of Brief-MP administered via a mobile device for smokers. While the current study used PDAs, the intervention could easily be adapted to mobile phones, resulting in a widely disseminable and cost-effective intervention. 58 The control condition successfully blinded participants to group assignment and presumably controlled for relaxation effects, expectancy effects, and the effect of observing one's inner experience. In future research, the control condition could be tailored to further isolate mindfulness processes. Although determining the mechanisms of change was beyond the scope of the study, it is possible that mindfulness practice helps smokers to manage craving through a pathway not currently affected by popular smoking cessation treatments, such as medication and skills-based counseling. 59 This study is the first step in developing the knowledge base and technology necessary for developing an intervention to tailor treatment as it is needed, in real time, based on fluctuations in craving or other psychological variables ("ecological momentary intervention").
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